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(54) DISCHARGE LAMP OPERATING DEVICE 

(57) The present invention provides a lighting de- 
vice of a discharge lamp, which lights the discharge 
lamp by feeding power to the discharge lamp, compris- 
ing a voltage detecting section which detects voltage im- 
pressed on the discharge lamp, and a lighting stop de- 
termining section which determines, on the basis of the 
voltage detected by the voltage detecting section, 
whether or not a short-circuit or a ground-fault occurs in 



a power feed line to the discharge lamp, and stops light- 
ing in response to the result of the detemnination, where- 
in detennination whether or not a ground-fault or a short- 
circuit occurs is not made for a prescribed period of time 
after dielectric breakdown of the discharge lamp or for 
a prescribed period of time after flow of a prescribed cur- 
rent to the discharge lamp. It Is therefore possible to pre- 
vent an erroneous detection caused by use of an unsta- 
ble bulb voltage in the initial stage of lighting. 
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Description 
Technicai Fieid 

[0001] The present Invention relates to a lighting de- 
vice of a discharge lamp used for a headlight of an au- 
tomobile. 

Background Art 

[0002] There are conventionally known a lighting de- 
vice of a discharge lamp which detects a short-circuit or 
an opening of the discharge lamp and forcedly stops 
lighting. As an example of such a lighting device of a 
discharge lamp, Japanese Unexamined Patent Applica- 
tion Publication No. 8-106986 discloses a device which 
detects a bulb voltage of the discharge lamp, deter- 
mines occurrence of a short-circuit or an opening of the 
discharge lamp by comparing the detected voltage to a 
prescribed set value, and forcedly discontinues lighting 
of the discharge lamp. 

[?'*03] In the conventional discharge lamp lighting de- 
vice, however, a short-circuit of the discharge lamp is 
detemiined by means of the bulb voltage of the dis- 
charge lamp In the initial stage of lighting. Because the 
bulb voltage in the initial stage of lighting is unstable, 
however, an erroneous determination of short-circuit of 
the discharge lamp may cause stoppage of lighting. 
When conditions for threshold value to prevent en^one- 
ous detemriination are alleviated, occurrence of a short- 
circuit of the discharge lamp may sometimes be deter- 
mined as being normal. 

[0004] The present invention was developed to solve 
the problems as described above, and has an object to 
provide a lighting device of a discharge lamp whteh nev- 
er stops lighting of the discharge lamp as a result of er- 
roneous detennination such as that of a short-circuit of 
the discharge lamp. 

[0005] It is another object of the invention to provide 
a lighting device of a discharge lamp which, upon actual 
occurrence of a short-circuit, can ensure stoppage of 

lighting. 

Disclosure of Invention 

[0006] The present Invention provides a lighting de- 
vice of a discharge lamp, which lights the discharge 
lamp by feeding power to the discharge lamp, compris- 
ing a voltage detecting section which detects voltage im- 
pressed on the discharge lamp, and a lighting stop de- 
termining section which detennines, on the basis of the 
voltage detected by the voltage detecting section, 
whether or not a short-circuit or a ground-fault occurs in 
a power feed line to the discharge lamp, and stops light- 
ing in response to the result of the detennination, where- 
in determination whether or not a ground-fault or a short- 
circuit occurs Is not made for a prescribed period of time 
after dielectric breakdown of the discharge lamp or for 



a prescribed period of time after flow of a prescribed cur- 
rent to the discharge lamp. It is therefore possible to pre- 
vent an erroneous detection caused by use of an unsta- 
ble bulb voltage in the initial stage of lighting. 
5 [0007] The invention provides also a lighting device 
of a discharge lamp, further comprising an igniter which 
feeds an initial voltage for causing dielectric breakdown 
of the discharge lamp, wherein the igniter is an-anged 
on the side of the discharge lamp not grounded in the 
10 initial stage of lighting; and the lighting stop determining 
section determines whether or not a ground-fault occurs 
on the igniter side of the discharge lamp before dielectric 
breakdown of the dischai^e lamp. The lighting stop de- 
termining section would therefore detemnine whether or 
'5 not a ground-fault occurs in a voltage impressed on the 
non-grounded side of the discharge lamp before dielec- 
tric breakdown of the discharge lamp. Current resulting 
from ground-fault flows during a prescribed time of non- 
determination, and temperature of the circuit element 
20 through which the current flows increases and there is 
a change in resistance value. After the lapse of a pre- 
scribed period of time, the voltage detecting section de- 
tects a higher voltage. The invention thus permits pre- 
vention of the resultant impossibility to detect a ground- 
's fault. 

[0008] The invention provides also a lighting device 
of a discharge lamp, further comprising an igniter whrch 
feeds an initial voltage for causing dielectric breakdown 
of the discharge lamp, wherein the igniter is arranged 
30 on the side of the discharge lamp grounded in the initial 
stage of lighting; and the lighting stop detemriining sec- 
tion determines whether or not a ground-fault occurs on 
any or both of the temiinals on the both sides of the dis- 
charge lamp before dielectric breakdown of the dis- 
ss charge lamp. The lighting stop detemnining section can 
detemiine whether or not a ground-fault occurs as to the 
voltage impressed on any one or both of the terminals 
of the discharge lamp before dielectric breakdown of the 
discharge lamp, in the lighting device of the discharge 
40 lamp in which the igniter is arranged on the side ground- 
ed in the initial stage of lighting from among the output 
terminals of the inverter. Current resulting from ground- 
fault flows during a prescribed time of non-determina- 
tion, and temperature of the circuit element through 
45 which the current flows increases and there is a change 
in resistance value. After the lapse of a prescribed pe- 
riod of time, the voltage detecting section detects a high- 
er voltage. The invention pennlts prevention of the re- 
sultant impossibility to detect a ground-fault. 

so 

Brief Description of the Drawings 
[0009] 



55 



Fig. 1 is a block diagram illustrating the functional 
configuration of the discharge lamp lighting devbe 
of embodiment 1 of the present invention; 
Fig. 2 is a characteristic diagram illustrating chang- 
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es in bulb voltage during bulb lighting in the dis- 
charge lamp lighting device; 
Fig. 3 is a flowchart illustrating the short-circuit/ 
ground-fault determining process in embodiment 1 
of the invention, together with Fig. 4; 
Fig. 4 is a flowchart illustrating the short-circuit/ 
ground-fault detemnining process in embodiment 1 
of the invention, together with Fig. 3; 
Fig. 5 is a descriptive view illustrating the relation- 
ship between the bulb voltage and AC current pro- 
duced in the inverter circuit in embodiment 1 of the 
invention; 

Fig. 6 is- a descriptive view illustrating the relation- 
ship between the bulb voltage and the threshold val- 
ue of ground-fautt determination in embodiment 1 
of the invention; 

Fig. 7 is a descriptive view illustrating the relation- 
ship between the bulb voltage and the threshold of 
short-circutL determination in embodiment 1 of the 
invention. 

Fig 8 IS a flowchart illustrating the output operation 
Slop dcicnmining process in embodiment 1 of the 
invention; 

Fig 9 is a flowchart Illustrating the ground-fault de- 
termining process in embodiment 2 of the invention; 
Fig. 1 0 is a descriptive view illustrating the relation- 
ship between the corrected voltage and the drop 
voltage resulting from an increase in temperature in 
embodiment 2 of the invention; 
Fig. 11 is a block diagram illustrating the functional 
, configuration of the discharge lamp lighting device 
of embodiment 3 of the invention; and 
Fig. 12 is a block diagram representing a concrete 
example of the functional configuration of the dis- 
charge lamp lighting device of embodiment 1 of the 
invention. 

Best Mode of Carrying Out the Invention 

[0010] The present invention will now be described 
further in detail by means of the best embodiments for 
application of the invention with reference to the at- 
tached drawings. 

Embodiment 1 

[0011] An embodiment of the invention will be de- 
scribed. 

[0012] Fig. 1 is a block diagram illustrating the dis- 
charge lamp lighting device in this embodiment of the 

invention. 

[0013] In Fig. 1, 11 represents a DC/DC converter 
which increases a source voltage fed from a DC power 
source such as an automobile battery and outputs a high 
voltage; 12, a DC/AC inverter which converts DC output 
from the DC/DC converter 11 into AC. and outputs the 
result of conversion, this DC/AC Inverter 12 comprising 
an H bridge circuit; 13, a bulb, onto which AC output 



from the DC/AC inverter 12 is impressed, comprising a 
light-emitting tube housing a pair of electrodes and an 
ionizable sealed material; and 14. an igniter arranged 
between the DC/AC inverter 12 and the bulb 13. The 

5 igniter 14 causes dielectric breakdown In the bulb 13, 
thereby generating arc discharge, by further increasing 
the output voltage of the DC/AC inverter 12 at the start 
of lighting of the bulb 1 3 and outputting it to the bulb 1 3. 
[001 4] A voltage detecting section 1 5 is connected to 

10 the output side of the DC/DC converter 1 1 . The voltage 
detection will be described later in detail. 
[0015] Also In Fig. 1,16 represents a lighting stop de- 
termining section which detemiines whether or not a 
ground-fault occurs, and whether or not a short-circuit 

15 occurs in the discharge lamp or in the power feed line 
to the discharge lamp on the basis of the voltage detect- 
ed by the voltage detecting section 1 5 in accordance 
with adetemiination flow described later, thereby decid- 
ing whether or not to continue or stop the lighting oper- 
ation, and discontinue lighting by controlling the DC/DC 
converter 1 1 . 

[0016] This lighting stop determining section 16 may • 
be achieved, for example, by use of a microcomputer 
comprising a CPU and a memory. 
[0017] Operation of the discharge lamp lighting de- 
vice will now be described with reference to Fig. 2. 
[0018] Dielectric breakdown takes place in the bulb 
1 3 and arc discharge is generated by further increasing 
the DC voltage fed from the battery by means of the ig-. 

30 niter 1 4 and feeding the same to the bulb 1 3. As a result, 
the bulb voltage suddenly becomes higher until occur- 
rence of dielectric breakdown as shown by "A. Dielectric 
breakdown" in Fig. 2, and the voltage drops after occur- 
rence of dielectric breakdown. 

35 [0019] Occurrence of dielectric breakdown causes 
the igniter 14 to discontinue operation. Output of the DC/ 
AC inverter 1 2 continuously produces arc discharge, re- 
sulting in a light emitting state. In this state, voltage in- 
creases gradually from voltage drop after dielectric 

40 breakdown to a stable voltage as shown in "B. Initial 
stage of lighting" in Fig. 2. 

[0020] After stabilization of the bulb voltage, arc dis- 
charge continues to take place under a stable bulb volt- 
age, resulting In continuance of light emission as shown 

^ In "C. In stabilization" In Fig. 2. 

[0021] Determination of short-circuit and ground-fault 
in the lighting stop determining section 16 will now be 
described with reference to Figs. 3, 4, 5, 6 and 7. 
[0022] Detemiination of short-circuit and ground-fault 

so includes a bulb voltage reading process, a short-circuit/ 
ground-fault detecting process and an output operation 
continuing process, and is executed as one of the con- 
trol routines of the discharge lamp lighting device. 
[0023] First, the short-circuit/ground-fault detecting 

55 process will be described with reference to Figs. 3 and 4. 
[0024] Figs. 3 and 4 form continuous flowcharts: "A" 
in Fig. 3 continues to "A" in Fig, 4 and "B" in Fig. 3 con- 
tinues to "B" in Fig. 4. In Fig. 4. "C" continues to "C". 
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[0025] Upon starting the short-circult/ground-fautt de- 
tecting process in S300, it is confirmed in S301 whether 
or not operation is in the lighting mode (I.e.. a mode In 
which lighting operation of the discharge lamp is con- 
ducted). Modes other than the lighting mode include, for 
example, lighting preparation mode such as system 
checking. If determination is NO in this S301 , the deter- 
mination process of short-circuit/ground-fault Is not car- 
ried out, and the operation transfers to the other control 
flow. 

[0026] If detennlnation is YES in S301 , the time lapse 
from the start of lighting is read out from the memory 
storing such a time lapse in S302. In S303, it is deter- 
mined whether or not the time lapse is within a non-de- 
termination period. If YES, ground-fault detemilnation is 
not performed to proceed to the next short-circuit deter- 
mination. If NO, the process advances to the next 
ground-fault detemriinlng step without talking any action. 
In S304. the bulb voltage data on the side A is read out 
from among the bulb voltage data stored in the memory 
in the microcomputer serving as the lighting stop deter- 
minlr.3 -f^tion 16. In S305, the bulb voltage data on the 
side B is read out from among the bulb voltage data 
stored in the memory. 

[0027] Rules such as detection and read of the bulb 
voltage on the sides A and B will be described later. 
[0028] The time lapsef rom the start of lighting as used 
in S302 is calculated with occurrence of dielectric break- 
down (the occun-ence thereof is judged on whether or 
not the voltage waveform agrees with voltage waveform 
conditions upon dielectric breakdown), or the moment 
when a prescribed amount of current has flowed as the 
start of lighting. The term "the moment when a pre- 
scribed amount of current has flowed" Is for inspecting 
the discharge lamp lighting device and Is a condition 
provided so that a resistance is connected in place at 
the bulb position in a condition with no bulb attached, 
and the discharge lamp lighting device operates when 
carrying out various inspections before shipment. By 
providing such a condition, It Is possible, in the inspec- 
tion before shipment, to carry out inspections by con- 
necting a substitute resistance without inspecting the 
device by actually attaching a bulb. It is therefore pos- 
sible to create a bulb voltage of an arbitrary voltage val- 
ue, easily conduct an inspection through simulation of 
a bulb in various states, and Inspect even the behavior 
of the discharge lamp lighting device in a state of bulb 
which would not occur in an ordinary bulb. 
[0029] The detecting/storing process flow of various 
bulb voltage values will be described later. The method 
for detecting the bulb voltage will now be described with 
reference to Figs. 6(a) and 5(b). 

[0030] Because AC is impressed on the bulb 1 3 by a 
inverter circuit 12, voltage is applied alternately to the 
both ends of the bulb 13 (the output end not grounded 
at startup of the inverter circuit 12 is called the end A, 
and the other end, the end B), and the waveform thereof 
(at 400 Hz for example in this case) Is as shown In Fig. 



5(a) The voltage detected by the voltage detecting sec- 
tion 1 5 with this period can be parceled out into a voltage 
section on the side A and a voltage section on the side 
B as shown in Fig. 5(b). Voltage values of these indlvid- 

5 ual sections are stored in the memory. Since voltage at 
a point is periodically switched over between the sides 
A and B by switching operation of the inverter circuit, it 
Is possible to determine whether a voltage is that on the 
side A or that on the side B in accordance with the 

10 switching time. An average over four voltage values is 
stored for each of the sides A and B. 
[0031 ] The inverter circuit and the igniter are arranged 
between the voltage detecting section and the ground- 
ing point. It is therefore necessary to correct the voltage 
caused by the resistance of these two circuits to deter- 
mine a true bulb voltage. 

[0032] Then in S 306, a ground-faultNG threshold val- 
ue used for ground-fault detemilnation Is read In from 
the memory of the system, and In S307, the counter val- 
» ue stored in the ground-fault counter is read in, thereby 
completing preprocessing for ground-fault determina- 
tion. 

[0033] In 8308, it is detemnined whether or not the sta- 
tus is NG (i.e., whether or not there is possibility of 

5 ground-fault) by comparing the bulb voltage on the side 
A and the NG threshold value. If NO, the process Is 
transferred to detenni nation of the bulb voltage on the 
side B by skipping counter addition and flag setting op- 
erations on the side A. If YES, on the other hand, an 

0 increment is made in the ground-fault counter (the coun- 
ter value is increased by 1) on the side A in S309. In 
S31 0, it is detennined whether or not the counter value 
resulting from increment is at least a prescribed value 
(for example 10 in this case). If YES, it Is determined 

5 that a ground-fault occurs on the side A in S31 1 , and a 
side A ground-fault flag Is set. If NO, no flag is set as a 
result of skipping. 

[0034] The ground-fault counter and the short-circuit 
counter serve to indicate the time of duration of a 

> ground-fault or short-circuit state. The effect of noise ex- 
erted on the bulb voltage detecting section is alleviated 
by detemiining continuance of a ground-fault or short- 
circuit state for a certain period of time as being NG. 
[0035] Then in S312, it is detennined whether or not 

' the status is NG (I.e., whether or not there Is possibility 
of occurrence of a ground-fault) by comparing the bulb 
voltage on the side B and the NG threshold value. If NO, 
the counter addition and flag setting operation on the 
side B are skipped. If YES, on the other hand, an incre- 
ment is made In the side B ground-fault counter (the 
counter value is Increased by 1) in S313. In S314, it is 
detemiined whether or not the counter value resulting 
from increment is at least a prescribed value (for exam- 
ple 10 in this case). If YES, It is determined that a 
ground-fault occurs on the side B in S315, and a side B 
ground-fault flag is set. If NO, no flag is set as a result 
of skipping. 

[0036] In S316. the OK threshold value is read out 
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from the system memory, and in 317, it is detemiined 
whether or not the status s OK by comparing the side 
A bulb vottage and the OK threshold value. If YES, the 
side A ground-fault counter Is cleared (the counter value 
is reset to 0) in S318. If NO, the process proceeds to 
S319 by skipping the steps in between. In S319, It is 
determined whether or not the status is OK by compar- 
ing the side B bulb voltage to the OK threshold value. If 
YES, the side B ground-fault counter is cleared (the 
counter value Is reset to 0) in S320. If NO, the process 
is transferred to S321 by skipping the steps in between. 
[0037] The steps S308 to S31 5 form a flow for NG de- 
temnination of groiind-fault, and the steps S316 to S321 
foma a flow for OK determination of ground-fault. These 
NG detenminatlon and OK determination will be de- 
scribed with reference to Fig. 6. 

[0038] Fig. 6 illustrates the relationship of the bulb 
voltage with the NG threshold value and the OK thresh- 
old value. As shown in Fig. 6, the probability of occur- 
rence of a ground-fault Is high in the case of a bulb volt- 
age from the grounding point (GND) to the NG threshold 
value. An increment is therefore made in the ground- 
fault counter. In the case of a bulb voltage of over the 
OK threshold value, the probability of occurrence of a 
ground-fault is the slightest. The ground-fault counter Is 
therefore cleared. In Fig. 6, a hysteresis is provided in 
the ground-fault determination by shifting the OK thresh- 
old value and the NG threshold value, and making no 
determination as to occurrence of a ground-fault for val- 
ues between tite NG and OK threshold values with the 
ground-fault counter value as it is. It is also possible, as 
shown in Fig. 7, to make the OK threshold value and the 
NG threshold value equal to each other to simplify the 
process. 

[0039] Figs. 6 and 7 show, in solid lines, a bulb voltage 
f orniing a peak and changes in the counter value caused 
by such a bulb voltage. 

[0040] More specifically, in Fig. 6, the counter value 
Is Increased by one at a low bulb voltage, and at a bulb 
voltage of over the NG threshold value, the counter val- 
ue is left as It is. When the bulb voltage is over the OK 
threshold value, the counter is cleared. 
[0041] In Fig. 7, an increment Is made In the counter 
when the bulb voltage is low, and the counter Is cleared 
when the bulb voltage exceeds the short-clrcuit/ground- 
fault threshold value. 

[0042] In S321 , counter values resulting from ground- 
fault determination and OK determination on the sides 
A and B are stored by updating the ground-fault counter. 
[0043] Then In S322 and the subsequent steps, the 
ground-faurt determination is perfomned. First in S322, 
the average bulb voltage (an average over bulb voltage 
values on the sides A and B) is read from the system 
memory. In S323, the NG threshold value for short-cir- 
cuit determination is read in. In S324, values stored in 
the short-circuit counter are read in. 
[0044] Then in S325, it is detemnined whether or not 
dielectric breakdown of the bulb takes place. If YES, 



steps are skipped to S330. If NO, the process transfers 
to processing in 8326. In S326, it is determined whether 
or not the status is NG (i.e., whether or not there is pos- 
sibility of occurrence of a short-circuit at startup) by com- 

5 paring the bulb voltage to the startup short-circuit NG 
threshold value. If NO, the process proceeds to short- 
circuit determination during lighting by skipping the star- 
tup short-circuit counter addition and flag setting steps. 
If YES, an Increment Is made In the startup short-circuit 

10 counter (Increasing the counter value by 1 ) In S327. In 
S328, it is determined whether or not the counter value 
resulting from the increment is over a prescribed value 
(for example 10 In this case). If YES, it is determined 
that there occurs a startup short-circuit in S329, and a 

t5 startup short-circuit flag Is set. If NO, the steps are 
skipped, and no flag would be set. 
[0045] Then in S330, It Is determined whether or not 
the time lapse of lighting Is within a non-detection period. 
If YES, thesteps are skipped to S335. If NO, the process 

20 goes to S331 processing. In S331, it Is determined 
whether or not the status is NG (i.e. , whether or not there 
is a probability of occurrence of a short-circuit upon light- 
ing) by comparing the bulb voltage to the short-circuit 
NG threshold value upon lighting. If NO, the steps of ad- 

2s dition of short-circuit counter upon lighting and setting 
of a flag are skipped, and the process advances to S335. 
If YES, an increment is made in the lighting short-circuit 
counter (the counter value is increased by 1) in S332. 
In S333, it Is detemrtined whether or not the counter val- 

30 ue resulting from the Increment is over a prescribed val- 
ue (for example 10 in this case). If YES, it is determined 
that a short-circuit upon lighting occurs In S334, and a 
lighting short-circuit flag is set. If NO, the steps are 
skipped, and no flag would be set. 

35 [0046] S326 to S329 are steps f orniing the flow for NG 
detemnination of startup short-circuit. S331 to S334 are 
steps representing the flow for NG determination of 
lighting short-circuit. The steps S336 to S339 represent 
the flow for OK determination of startup short-circuit and 

40 lighting short-circuit. The NG determination and OK de- 
termination will be described with reference to Fig. 6. 
[0047] Fig. 6 illustrates the relationship of the bulb 
voltage with the NG threshold value and the OK thresh- 
old value. As shown in Fig. 6, the probability of occur- 

45 rence of a short-circuit is high in the case of a bulb volt- 
age from the grounding point (GND) to the NG threshold 
value. An increment is therefore made in the startup 
short-circuit counter or the lighting short-circuit counter. 
In the case of a bulb voltage of over the OK threshold 

50 value, the probability of occurrence of a short-circuit is 
almost null. The short-circuit counter is therefore 
cleared. In Fig. 6, a hysteresis is provided in the short- 
circuit determination by shifting the OK threshold value 
and the NG threshold value, and making no determina- 

55 tion as to occurrence of a short-clrcurt for values be- 
tween the NG and OK threshold values with the short- 
circuit counter value as it is. It Is also possible, as shown 
in Fig. 7, to make the OK threshold value and the NG 
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threshold value equal to each other to simplify the proc- 
ess. 

[0048] It is possible in this case to set optimum values 
of startup short-circuit determining NG threshold value 
and lighting short-circuit detemnining NG threshold val- 
ue to correspond to the temperature characteristics of 
the circuit element described later by using different val- 
ues for these thresholds. 

[0049] In S335, the OK threshold value is read in. S 
335 to S339 are steps forming the flow of OK determi- 
nation of startup short-circuit and lighting short-circuit. 
[0050] In335, the short-circuit detennining OK thresh- 
old value is read out from the system memory, and in 
S336, it is determined whether or not the status is OK 
by comparing the bulb voltage to the OK threshold val- 
ue. It YES. the startup short-circuit counter is cleared 
(the counior value is reset to 0) in S337. If NO, the proc- 
ess advances to S338 by skipping the steps in between. 
In S338. il is delermined whether or not the status is OK 
by comprtiing rhe bulb voltage to the OK threshold val- 
ue. If YES. the lighting short-circuit counter is cleared 
(the countc.- viue is reset to 0) in S339. If NO, the proc- 
ess is transfcnred to S340 by skipping the steps In be- 
tween. 

[0051 J It IS possible In this case to set optimum thresh- 
old valuos for the startup short-circuit detennining OK 
threshold value and the lighting short-circuit determining 
OK threshold value, as in the case of the NG threshold 
values, by using different values for these thresholds. 
[0052] Then in S340, the counter value resulting from 
short-circuit detennination is stored in the short-circuit 
counter by updating, and the process is completed in 
8341 , the process being moved to the other flow. 
[0053] Then, in response to the result of detennina- 
tion as to ground-fault and short-circuit along the flow 
shown in Figs. 3 and 4 (the side A ground-fault flag, the 
side B ground-fault flag, the startup short-circuit flag, 
and the lighting short-circuit flag, in this case), it is de- 
cided whether or not to execute output for discharge 
lamp lighting in accordance with the flow shown in Fig. 8. 
[0054] The flow shown in Fig. 8 is started from 8701 , 
and it is confimned whether or not the status is in the 
lighting mode from 8702. In 8703 to 8706, the startup 
short-circuit flag, the lighting short-circuit flag, the side 
A ground-fault flag and the side B ground-fault flag are 
confinned in this sequence. When any of these flags Is 
valid, the process goes to S708, in which output opera- 
tion is discontinued, and power supply to the bulb is 
stopped. When none of these flags is valid, on the other 
hand, the process advances to S707, and power supply 
to the bulb is continued. 

[0055] According to this embodiment 1 , it is deter- 
mined whether or not there occurs a ground-fault or a 
short-circuit in the discharge lamp or In the power supply 
line to the discharge lamp, by comparing the voltage de- 
tected by the voltage detecting section to a threshold 
value corresponding to the ground-fault or the short-cir- 
cuit, and the lighting operation is discontinued to stop 



lighting in response to the result of this detennination. 
A non-detection period is provided as in 8303 and 8330 
in the flow shown in Figs. 3 and 4 so that no determina- 
tion is made as to whether or not a ground-fault or a 

s short-circuit occurs by the lighting stop detennining sec- 
tion for a prescribed period after dielectric breakdown of 
the discharge lamp or for a prescribed period after flow 
of a prescribed amount of current to the discharge lamp. 
It is therefore possible to prevent an erroneous detection 

10 of a ground-fault or a short-circuit caused by the use of 
unstable bulb voltage in the initial stage of lighting. 
[0056] In this embodiment 1 (in embodiments 2 and 
3 described later as well), as shown in Fig. 12, the input 
to the voltage detecting section 15 may be made a par- 

is tial voltage of the output of the DC/DC converter 1 1 . In 
this case, it is recommendable to avoid that the maxi- 
mum output of resistance value of partial voltage resist- 
ances 1 7 and 1 8 to the voltage detecting section 1 5 ex- 
ceeds the rated voltage (for example, 5 V for a micro- 
be computer) of the voltage detecting section 15 or the 
lighting stop determining section 1 6. 

Embodiment 2 

^5 [0057] In this embodiment 2, in a discharge lamp light- 
ing device having an igniter arranged on the side not 
grounded in the initial stage of lighting (side A) from 
among the output temiinals of the inverter, In the flow 
shown In Figs. 3 and 4, It is detemriined whether or not 

30 dielectric breakdown occurs before detennination dur- 
ing the non-detection period in 8303, and if no dielectric 
breakdown occurs, a ground-fault determination is per- 
fomned for the bulb voltage on the side A. 
[0058] This is based on the fact that, since dielectric 

35 breakdown necessarily takes place upon lighting a usu- 
al bulb, non-occurrence thereof and transfer to the light- 
ing mode must suggest the possibility of occurrence of 
some abnormality or other. 

[0059] Fig. 9 illustrates the flow of steps in the embod- 
40 iment 2, and describes only processes different from 
those in the above-mentioned embodiment 1 . 
[0060] First, while, in Figs. 3 and 4, the process after 

8302 advances to S303, in Fig. 9, after S302, It is de- 
temriined whether or not dielectric breakdown has oc- 

43 cun^ed In S801 . In this S801 , if It Is determined that die- 
lectric breakdown has taken place, the process goes to 

8303 as in Figs. 3 and 4. If it is determined that no die- 
lectric breakdown has occurred, a ground-fault determi- 
nation is performed for the bulb voltage on the side A (i. 

30 e., the non-detection side). For the ground-fault deter- 
mination, already described in Figs. 3 and 4, the same 
components as in embodiment 1 are assigned the same 
reference numerals, and the description thereof Is omit- 
ted here. 

55 [0061] In this embodiment 2, because of the condition 
of flowing of a prescribed amount of current, the second 
condition in terms of the lighting starting time, provided 
for product inspection, It is possible to prevent impossi- 
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bility to detect a ground-f au)t caused by the bulb voltage 
exceeding the OK threshold value or the NG threshold 
value after the lapse of a non-detection period under the 
effect of temperature increase of the inverter circuit, an 
Increase in resistance value in the Inverter circuit and 
the resultant increase In voltage when current always 
flows during the non-detection period of S303 while con- 
tinuing the state of ground-fault. 
[0062] The problems involved in a change in resist- 
ance caused by a temperature Increase will now be de- 
scribed with reference to Fig. 10. In Fig. 10, the detected 
voltage is a voltage detected by the voltage detecting 
section 1 5; the drop voltage is a voltage caused by re- 
sistance of circuits arranged between a voltage detect- 
ing point of the voltage detecting section 15 and the 
grounding point (GND); and the corrected voltage is a 
drop voltage which Is previously determined through 
calculation and used for calculating a bulb voltage. 
[0063] In Fig. 1 0(a) covering a case at the room tem- 
perature, there is no change In the resistance value from 
that used previously when calculating the corrected volt- 
age and the voltage is equal to the actual drop voltage. 
It is therefore possible to obtain a correct bulb voltage 
value. However, in a case at a high temperature shown 
in Fig. 1 0(b), the resistance value Increases with a tem- 
perature increase, and along with this, the drop voltage 
increases over the corrected voltage. Therefore, the 
bulb voltage determined through calculation takes a val- 
ue obtained by adding an increment in the drop voltage 
from the true (actual) bulb voltage. For example, even 
when the actual bulb voltage is close to 0, a large incre- 
ment brought about by the temperature increase of the 
drop voltage would cause the resultant voltage to ex- 
ceed the threshold value for short-circuit or ground-fault 
detemnination. 

[0064] This embodiment 2 has an object to solve the 
above-mentioned problems: the lighting stop determin- 
ing section determines, prior to determination during the 
non-detection period in S303, whether or not a ground- 
fault has occurred in the voltage impressed on the igniter 
side (side A) of the discharge lamp before dielectric 
breakdown thereof . It is therefore possible to prevent im- 
possibility to detect a ground-fault caused by a bulb volt- 
age becoming higher than the NG voltage after the lapse 
of the non-detection period as a result of the flow of cur- 
rent resulting from the ground-fault during the non-de- 
tection period, a temperature increase of elements in the 
inverter circuit, and the resultant increase in resistance. 
[0065] There is conceivable another solution of this 
problem of providing means for detecting a temperature 
increase of the resistance in the circuit. For example, a 
temperature sensor may be provided near the resist- 
ance suffering from the temperature increase, or the 
temperature increase of the resistance may be detected 
through a change In voltage between a voltage detect- 
ing section provided between the bulb and the circuit 
subject to temperature increase and the grounding point 
(GND). Another conceivable method is to set a slightly 



larger corrected voltage. It is however difficult to practi- 
cally apply this method because the bulb voltage be- 
comes smaller after correction at low temperatures, and 
this affects the rising of optical fluxes. 

5 

Embodiment 3 

[0066] Embodiment 3 permits ground-fault determi- 
nation at startup at any of the temninals of the discharge 

10 lamp by adopting a circuit confirmation in which, in the 
configuration of embodiment 2, utilizes the possibility to 
perform ground-fault determination at startup when 
ground-fault occurs on the side of a terminal not suffer- 
ing from dielectric breakdown when the discharge lamp 

15 is subject to a ground-fault at startup, and no dielectric 
breakdown occurs even when causing a ground-fault in 
any of the terminals of the discharge lamp at startup. 
[0067] Fig. 1 1 is a circuit block diagram illustrating em- 
bodiment 3. Ground-fault detennination when causing 

20 a ground-fault in the discharge lamp will be described. 
[0068] When causing a ground-fault for the terminal 
A at startup, the case is the same as the ground-fault 
detemnination in embodiment 2: it is possible to make a 
ground-fault determination. 

25 [0069] When causing a ground-fault for the terminal 
B at startup, high-voltage pulses of the igniter are pro- 
duced at GND, resulting in a fixed potential: an initial 
voltage causing dielectric breakdown of the discharge 
lamp is not supplied, and dielectric breakdown of the dis- 

30 charge lamp does not occur, thus permitting ground- 
fault determination. 

[0070] The discharge lamp lighting device for an au- 
tomobile headlight (front lamp) has particularly been de- 
scribed in the above-mentioned embodiments. The in- 
35 vention is applicable also to a discharge lamp lighting 
device for home uses or for a streetlamp. 
[0071] The above-mentioned embodiments have the 
following features, respectively. 

[0072] The lighting device of a discharge lannp of the 

40 present invention, which lights the discharge lamp by 
feeding power to the discharge lamp, comprises a volt- 
age detecting section which detects voltage impressed 
on the discharge lamp, and a lighting stop determining 
section which detemnines, on the basis of the voltage 

45 detected by the voltage detecting section, whether or 
not a short-circuit or a ground-fault occurs in a power 
feed line to the discharge lamp, and stops lighting in re- 
sponse to the result of the determination, wherein de- 
termination whether or not a ground-fault or a short-cir- 

50 cult occurs is not made for a prescribed period of time 
after dielectric breakdown of the discharge lamp or for 
a prescribed period of time after flow of a prescribed cur- 
rent to the discharge lamp. It is therefore possible to pre- 
vent an erroneous detection caused by use of an unsta- 

S5 ble bulb voltage in the initial stage of lighting. 

[0073] The invention provides also a lighting device 
of a discharge lamp, further comprising an igniter which 
feeds an initial voltage for causing dielectric breakdown 
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of the discharge lamp, wherein the igniter is arranged 
on the side of the discharge lamp not grounded in the 
initial stage of lighting; and the lighting stop determining 
section detennines whether or not a ground-fault occurs 
on the Igniter side of the discharge lamp before dielectric 
breakdown of the discharge lamp. The lighting stop de- 
termining section would therefore determine, in the dis- 
charge tamp lighting device in which the igniter is ar- 
ranged on the non-grounded side of the initial stage of 
lighting from among the output terminals of the Inverter, 
whether or not a ground-fault occurs in a voltage im- 
pressed on the non-grounded side of the discharge 
lamp before dielectric bre ,kdown of the discharge lamp. 
Cun-ent resulting from ground-fault flows during a pre- 
scribed time of non-detemnination, and temperature of 
the circuit element through which the current flows in- 
creases and there is a change in resistance value. After 
the lapse of a prescribed period of time, the voltage de- 
lecting section detects a higher voltage. The Invention 
thus permits prevention of the resultant Impossibility to 
delect a ground-fault. 

[0074] The invention provides also a lighting device 
of a discharge lamp, further comprising an igniter which 
feeds an initial voltage for causing dielectric breakdown 
of the discharge lamp, wherein the Igniter is arranged 
on the side of the discharge lamp grounded in the initial 
stage of lighting; and the lighting stop determining sec- 
tion determines whether or not a ground-fault occurs on 
any or both of the temriinals on the both sides of the dis- 
charge lamp before dielectric breakdown of the dis- 
charge lamp. The lighting stop detennining section can 
determine whether or not a ground-fault occurs as to the 
vcitaqe impressed on any one or both of the terminals 
of the discharge lamp before dielectric breakdown of the 
discharge lamp, in the lighting device of the discharge 
lamp m which the igniter is arranged on the side ground- 
ed in the initial stage of lighting from among the output 
tCTTiinals of the inverter. Current resulting from ground- 
fajti flows during a prescribed time of non-detemril na- 
tion and temperature of the circuit element through 
which the current flows increases and there is a change 
in resistance value. After the lapse of a prescribed pe- 
riod of time, the voltage detecting section detects a high- 
er voltage. The invention permits prevention of the re- 
sultant impossibility to detect a ground-fault. 

Industrial Applicability 

[0075] The discharge lamp lighting device of the 
present invention relates, as described above, to a dis- 
charge lamp lighting devbe used for an automobile 
headlight and the like, and is particularly suitable for de- 
termining a short-circuit or a ground-fault in a discharge 
lamp. 



Claims 

1. A lighting device of a discharge lamp, which lights 
the discharge lamp by feeding power to the dis- 
charge lamp, comprising a voltage detecting sec- 
tion which detects voltage impressed on the dis- 
charge lamp, and a lighting stop determining sec- 
tion which determines, on the basis of said voltage 
detected by said voltage detecting section, whether 
or not a short-circuit or a ground-fault occurs in a 
power feed line to said discharge lamp, and stops 
lighting in response to the result of said detemiina- 
tion, wherein detennlnation whether or not a 
ground-fault or a short-circuit occurs is not made for 
a prescribed period of time after dielectric break- 
down of said discharge lamp orfor a prescribed pe- 
riod of time after flow of a prescribed current to said 
discharge lamp. 



20 2. A lighting device of a discharge lamp according to 
claim 1 , further comprising an igniter which feeds 
art initial voltage for causing dielectric breakdown 
of the discharge lamp, wherein said Igniter is ar- 
ranged on the side of said discharge lamp not 

25 grounded in the initial stage of lighting; and said 
lighting stop detemnining section determines wheth- 
er or not a ground-fault occurs on said igniter side 
of said discharge lamp before dielectric breakdown 
of said discharge lamp. 

30 

3. A lighting device of a discharge lamp according to 
claim 1 , further comprising an igniter which feeds 
an initial voltage for causing dielectric breakdown 
of the discharge lamp, wherein said igniter is ar- 

35 ranged on the side of said discharge lamp grounded 
in the initial stage of lighting; and said lighting stop 
determining section determines whether or not a 
ground-fault occurs on any or both of the terminals 
on the both sides of said discharge lamp before dl- 

40 electric breakdown of said discharge lamp. 
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